Two field experiments were carried out in the Experimental Station, Faculty of Agriculture, Mansoura University in the two summer seasons of 2014 and 2015 to study the effect irrigation water quantity and foliar application with salicylic acid on growth and yield of potato cv. Spunta grown under clay loamy soil conditions using drip irrigation system. The experiment layout was split plot in based on complete randomized block design with three replications. Quantity of irrigation water (700, 1000 and 1300 m 3 / fed.) were present in the main plots, while foliar application with salicylic acid (0.0, 0.1, 0.2 and 0.3 g /litter.) were assigned in the sub plots. The results indicated that increasing water quantity up to1300 m 3 / fed. led to a significant increase of vegetative growth parameters ( Plant height, leaves number, leaves area, number of main stem and foliage fresh weight per plant), leaves chemical composition (N, P, K, chlorophyll a, chlorophyll b and carotenoids), Tubers yield and its physical quality (tubers weight and number per plant, marketable and total yield), Tubers chemical quality ( Vit. C, TSS, N, P and K) and plant water relations (Relative water content). On contrary, foliage dry matter percentage, tuber dry matter percentage, hardness, density, electrolyte leakage and water use efficiency were decreased. With respect to the effect of foliar application of salicylic acid, the data exhibited that, the mentioned characters were increased compared to untreated plants except electrolyte leakage. The interaction between irrigation water quantity and spraying salicylic acid showed that the combination which consist of 1300 m 3 / fed. and 0.2 g/l salicylic acid gave the highest values for most effective previous parameters. Keywords: potato, irrigation water quantity, salicylic acid, relative water content, electrolyte leakage, water use efficiency and tubers yield.
INTRODUCTION
Potato (Solanum tuberosum L.) is one of the Solanaceae family plants. It is the fourth crop after maize, rice and wheat in the world. Potato is one of the main crops in Egypt. Also, it is considered as the second vegetable crop after tomato and one of the most important exported crops. Among top potato producer countries in the world Egypt is number eleventh and it is the first among African countries (FAO, 2012) .
The yield and quality of potato tubers are affected with several factors such as variety, cultural practices, environmental conditions, water deficit and foliar application such as salicylic acid (Mohammad et al., 2014; Nasrabadi et al., 2015) .
It has been detected that the lack of water for human life, especially in arid and semi-arid areas and in developing countries is a real threat. Population growth and rising standards of living lead to increase water consumption since the quantity of water used in agriculture is significant, saving water used in this respect, as well as possible solutions to eliminate the problem of water deficit, is the needed ( Keyvan and Irandoost, 2015) .Early investigations have reported that water is the most important factor for the potato production. Well-scheduled irrigation programs throughout the growing season is possible to increase potato yield ( Erdem et al., 2006; Abou El-Khair et al., 2011; Abd El-Latif et al., 2011; Alaa et al., 2013) .
Potato is sensitive to water deficit at some growth stages since irrigation has become critical component for production. Many irrigation studies have proved that potato is sensitive to water deficit due to its weak root system and 85% of roots is concentrated in the top 30 cm of soil, water stress causes weaker plant growth and minimize biomass production which led to yield reduction. Potato evaporates approximately 3-5 mm water every day during growth stage under optimal soil moisture level. Also, potato yield are responded linearly to amount of irrigation water (Shock and Feibert, 2002) . The probability of supply the plants with nutritious elements are very little or absent during water deficiency. Also, water deficit leads to reducing photosynthesis with 10-30%, thus inner changes happen in plants, cells formation and accumulation of osmotic active substances promote. Also, water stress influences on plant respiration (Lahlou et al., 2003) . Irrigation regime of 80% of water requirement was the most water use efficiency. The drought stress led to the oxidative damage inevitably, producing more of reactive oxygen species (ROS), which are the result of incomplete oxygen reduction (Cruz de Carvalho, 2008) . Also, Abd El-Latif et al. (2011) reported that repeated irrigation at 80 % from available soil moisture content recorded that the maximum values of the protein content, TSS, tuber yield and water use efficiency of potato. While at 40 % from available water soil moisture content gave the lowest values.
On potato, Abou El-Khair et al. (2011) reported that plant height, number of leaves per plant, shoot dry weight, total and free water in leaf tissues, N, P and K % and their uptake by shoot significantly increased with increasing quantity of irrigation water up to the highest level (1750 m 3 / fed.). 1250 or 1750 m 3 / fed. recorded the highest values of tuber yield/ plant and total yield/ fed., N, P, starch, carbohydrates and dry matter % in tuber. Cell sap, bound water, osmotic pressure, proline content in leaf tissues and water use efficiency (WUE) were increased by decreasing irrigation water quantity up to the lowest level (750 m 3 / fed.). Salicylic acid (SA) a ubiquitous plant phenolic compound, which regulate many of processes in plants (Hayat et al., 2008) . Also, it is improve plant growth parameters under water deficit conditions and other stresses (Senaratna et al., 2000) . Exogenous SA increase the activities of antioxidant enzymes and plant tolerance to abiotic stress by decreasing generation of reactive oxygen species (ROS). SA has different effects on stress and damage of plants that depend on plant species, concentration, method and time of addition. Also, salicylic acid application probably activate the consumption of soluble carbohydrates to form young cell constituents which led to promote plant growth (Metwally et al., 2003) .
SA acts as cofactors for some specific enzymes, i.e., dismutases, peroxidases and catalases, those catalyzed breakdown of the toxic radicals (H 2 O 2 ), (OH), (O-2). SA also plays an important role in the regulation of many physiological processes in plants such as effects on growth development, ion uptake, transport and membrane permeability (Simaei et al., 2012) . Also, is introduced as an important messenger molecule in responses of plant to the different abiotic and biotic stresses and can ameliorate the impairing effects of water stress in different species (Arfan et al., 2007) . Siamak and Kazemi-Arbat (2014) found that the application of salicylic acid increased the plant biomass and protein content of leaves in complete drought stress condition of chickpea compared with control plants significantly. On contrary, the 1-aminocyclopropane-1-carboxylic acid (ACC) synthase activity was decreases by using SA which led to producing of ethylene in the plant ( Li et al., 1992) . Ethylene will cause the loss of chlorophyll pigments in plants (Arfan et al., 2007) . Also, SA inhibit ascorbate peroxidase activity which can disturb the H 2 O 2 pathway and led to excessive accumulation of this substance in cell ( Durner and Klessig, 1995) . Hayat et al., (2008) found that SA increased relative water content (RWC), proline content, total chlorophyll content SPAD and decreased electrolyte leakage on tomato under drought condition. Jamali et al. (2011) mentioned that fresh weight of (shoot and root) and yield of strawberry were increased by using SA. Also, fruit weight per plant, yield and fruit ripening duration were decreased by increasing water deficit. On the contrast, proline and TSS content increased. SA increased total chlorophyll content (SPAD), fruit ripening duration and TSS compared the control treatment. The combination of water deficit and salicylic acid application rates treatments had in significant effects on fruit number per plant (Nasrabadi et al., 2015) .
The objective of this study was to evaluate the effect of salicylic acid on growth, yield quality and water use efficiency of potato under different irrigation water quantity.
MATERIALS AND METHODS
Two field experiments were carried out in the Experimental Station, Faculty of Agriculture, Mansoura University in summer seasons of 2014 and 2015, to study the effect irrigation water quantity and foliar application with salicylic acid on growth and yield of potato cv. Spunta grown under clay loamy soil conditions using drip irrigation system. The experiment layout was split plot in based on randomized complete block design with three replications. Quantity of irrigation water (700, 1000 and 1300 m 3 / fed.) were present in the main plots, while foliar application with salicylic acid (0.0, 0.1, 0.2 and 0.3 g per litter.) were randomly assigned in the sub plots. Soil samples from the top layer (0-30 cm depth) were randomly collected before planting for physical and chemical analysis ( . It consists of five dripper lines with 3 m length for each and 0.7 m distance between the two dripper lines. 0.25 m was the distance between the dripper and the other in the same line. Two lines were used to measure the morphological and physiological characters and the other three lines were used for yield and its components determinations. In addition, one row was left between each two plots as guard area to avoid the overlapping on irrigation water infiltration.
Irrigation water quantities treatments were 700, 1000 and 1300 m 3 water/fed. All experimental units received equal amounts of water during germination (240 m 3 water/fed.) as furrow irrigation through water counter. The remainder amounts of irrigation water quantities (m 3 /fed.) were added by using water counter at 1.5 bar, water flow through the drippers (4 liter/h.). Irrigation numbers were 30 for each treatment. The irrigation water quantity were added (depending on growth stage) two days intervals to each treatment began at 5 th and 8 th Feb. (month after planting) and ended 13 and 18 April (10 and 12 days before harvesting) in the 1 st and 2 nd seasons, respectively.
Salicylic acid at (0.0, 0.1, 0.2 and 0.3 g per litter.) were add twice as foliar application at 40 and 55 day after planting its volume was 300 and 400 litter per fed. in the 1 st and 2 nd foliar application, respectively. All treatments received 120 kg N, 125 kg P 2 O 5 and 100 kg K 2 O kg/ fed. as ammonium nitrate (33.5 %), phosphoric acid (85 % P 2 O 5 ) and potassium sulfate (50 % K 2 O), respectively. as fertigation at 2 days interval beginning one month after planting. Also, Farmyard manure (FYM) at 20 m 3 / fed. was applied during soil preparation.
Experimental design:
Treatments were arranged in split plots in complete randomized blocks design with three replicates. Irrigation water quantities were assigned in the main plots, while foliar applications with salicylic acid were allocated in the sub plots.
Measurements:
Five plants were taken at random from each plot at 85 days after planting to evaluate the following criteria for the two seasons.
1-Vegetative growth characters:
Plant height (cm), leaves number / plant, leaves area (cm 2 ) / plant, number of main stem /plant, foliage fresh weight (g )/plant, foliage dry matter percentage.
-Leaves chemical composition:
N, P and K percent, chlorophyll a, b, carotenoids content were analyses according to AOAC (1990) .
3-Tubers yield and its physical quality:
At the harvesting time (110 day after planting), tubers weight (g) per plant and tubers number per plant were represented by taking the average of 5 hills, dry matter percentage, hardness as kg cm -2 ( average measuring without cortex at the top plus the bottom tuber ), density (tubers weight (g) per plant / tubers volume (cm 3 ) per plant), marketable tubers yield (ton / fed.) as healthy tuber with a weight more than or equal to 50 g without (growth cracks, abnormally curved shape, rotten, bottleneck shape, diseased, insect attacked, deformed tuber, those having a weight less than 50 g and two or more knobs) and total tubers yield (ton/fed.) was (total fresh weight of tubers per plot / plot area) x 4200.
4-Tubers chemical quality:
Vit. C, TSS and (N, P and K %). All chemical quality parameters were determined according to A.O.A.C (1990) .
5-Plant water relations:
Relative water content and Electrolyte Leakage were determined according to (Korkmaz et al., 2010) , Water use efficiency was estimated according to (El-Banna et al., 2011) .
Statistical analysis:
Data were statistically analyzed using the analysis of variance according to Snedecor and Cochran (1980) . Least significance difference (LSD) was used to differentiate means at the at 5 % level of probability.
RESULTS AND DISCUSSION

1-Vegetative growth characters:
Data presented in Table 2 show that plant height, leaves number per plant, leaves area per plant, number of main stem per plant and foliage fresh weight per plant, significantly increased with increasing irrigation water quantity up to the highest level at 1300 m 3 / fed. On the other hand, foliage dry matter percentage was decreased by increasing irrigation water quantity in both seasons. These increases can be due to that available more water enhances nutrient availability which improves macro-and microelements absorption, on contrary, the decreasing due to the reduction of cells growth and development in different plant parts especial in stem and leaves. So that, the effects of water deficit can be detected in smaller leaves or plant height, decreasing in leaf area, light absorption decreased and made reduction in total capacity of photosynthesis and growth. (Hasani, 2006; Ayas, 2013 and Abubaker et al., 2014) .
Concerning the effect of spraying salicylic acid the data in Table 2 revealed that the mentioned characters were increased compared to untreated plants. The maximum values of these parameters were recorded by using 0.2 g/l of salicylic acid in the two seasons, followed by 0.3 g/l. This improvement in vegetative growth parameters could be attributed to the water stress long, the plant will face the oxidative damage inevitably, and can be resulted in producing reactive oxygen species (ROS) which are the result of incomplete reduction of oxygen (Cruz de Carvalho, 2008) . Salicylic acid is one of the antioxidants which prevent the high activity of ROS and is introduced as an important messenger molecule in plant responses to the different biotic and abiotic stresses, Also, the increase of plant growth by improving cell division and elongation of root cells, activate the consumption of soluble carbohydrates to form young cell constituents, regulates some physiological processes in plants such as effects on growth and development, ion uptake and membrane permeability (Simaei et al., 2012) .Salicylic acid application increases, spermidine, spermine and putrescine polyamines in the plant which results in membrane keeping and integrity in drought stress, Also, led to increasing in gibberellins and cytokinins. On the other hand, endogenous auxins and abscisic acid were decreased. Which led to more vegetative and reproductive growth. In addition, increasing endogenous cytokinin level on auxin enhanced formation of branches and increasing photosynthetic pigments content in tomato plants (Mady, 2009) .
The interaction between irrigation water quantity and spraying salicylic acid showed that the combination which consist of 1300 m 
2-Leaves chemical composition parameters:
Data listed in Table 3 show that increasing irrigation water quantity caused significant increases in N, P, K, chlorophyll a, chlorophyll b and carotenoids in leaves tissue. These results may be due to that water deficit was causes retarding of nutrients uptake, the roots failed to absorb the accumulative valuable nutrient elements. Also, water deficit caused reducing in leaf miner content due to a reduction roots formation (Abou El-Khair et al., 2011) . These results exhibit positive correlation between water stress and chlorophyll a, chlorophyll b and carotenoids content. This increment in previous pigments may be attributed to increase macronutrients uptake, especially N and Mg nutrient by increasing water quantity, whereas N and Mg nutrient are necessary for chlorophyll pigments synthesis (Lahlou et al., 2003) .
Data in Table 3 indicated that parameters of N, P, K, chlorophyll b and carotenoids in leaves of potato plants were significantly increased in the two seasons with spraying salicylic acid up to 0.2 g/l then decline at 0.3 g/l. This may be attributed to (ROS) has destructive effect for chlorophyll pigments under water deficit. SA decreases the damaging influences of (ROS) on chlorophyll by promoting antioxidant systems, and the increase of plant growth through the activating of cell division and elongation of root cells, enhancement the consumption of soluble carbohydrates to form young cell constituents as a means to improved plant growth, ion uptake and membrane permeability (Simaei et al., 2012) . Also, Nasrabdi et al. (2015) reported that SA probably inhibits chlorophyll oxidase enzymes therefore it will be prevents chlorophyll breakdown, so that photosynthesis was increased.
In the same 
3-Tubers yield and its physical quality:
Obtained data of Table 4 indicate that tubers weight and number per plant, dry matter percentage, hardness, density, marketable tubers yield and total tubers yield were affected significantly, by irrigation water quantity. Tubers weight and number per plant, marketable and total tubers yield per fed. were significantly higher under high irrigation water quantity 1300 m 3 per fed. On contrast, tuber dry matter percentage, hardness, density were higher under low irrigation water quantity 700 m3 per fed. These results could be attributed to water deficit led to increasing reactive oxygen species (ROS), Ethylene, abscisic acid and decreasing Intensity of photosynthesis at 10-30%, nutritious elements, gibberellins and cytokinins will cause the reduction of chlorophyll pigments in plants could also be of great influence upon different vegetative and reproductive growth and lower amount of biomass produced which led to yield reduction. ( Lahlou et al., 2003) .
With respect to the effect of foliar application of salicylic acid, the data exhibited that, the mentioned characters were increased compared to untreated plants. This improvement in the yield and its component could be the role of SA which acts as cofactors for some specific enzymes, i.e., dismutases, catalases, peroxidases, which results in breakdown of the toxic (H 2 O 2 ), (OH), (O-2) radicals, Also, SA decreasing generation of ROS ( Metwally et al., 2003) , inhibits of auxin oxidation (Fariduddin et al. 2003) . Also, SA probably promote the consumption of soluble carbohydrates to form young cell constituents as a mechanism to enhancement plant growth an important signal molecule for modifying plant responses to environmental stressors (Arfan et al., 2007) , Also, increasing ion uptake, membrane permeability and increase in protein content of leaves (Simaei et al., 2012) SA decreases the synthase activity of 1-aminocyclopropane-1-carboxylic acid (ACC) which enhancement the production of ethylene in the plant (Li et al., 1992) . Ethylene will led to the reduction of chlorophyll pigments in plants (Arfan, 2007) . Also, Durner and Klessig (1995) reported that SA inhibit ascorbate peroxidase activity which can disturb the H 2 O 2 pathway and cause increasing accumulation of this product in cells.
Results in Table 4 clarify that, the interaction was significant in the two seasons, the maximum values of that tubers weight and number, marketable and total tubers yield per fed. were recorded with combination which consist of 1300 m 3 / fed. and 0.2 g/l salicylic acid, on the other hand, the lowest values were achieved by application of 700 m 3 / fed. and 0.0 g/l salicylic acid. On contrast, the highest tuber dry matter percentage and hardness were noticed by application of 700 m 3 / fed. and 0.2 g/l salicylic acid. But the lowest values were achieved at 1300 m 3 / fed. and 0.0 g/l salicylic acid. Also, the highest density was recorded with 700 m 3 / fed. and 0.0 g/l salicylic acid, but 1300 m 3 / fed. and 0.3 g/l salicylic acid gave the lowest values of density character. Similar results were reported by Shahram et al. (2011); Ayas (2013) ; Aksic et al.( 2014) ; Abubaker et al. (2014) ; Keyvan and Irandoost ( 2015) on potato, Nasrabadi et al. (2015) on melons; Tahereh et al. (2014) and Akram et al. (2016) on mungbean.
4-Tubers chemical quality:
Tabulated data in Table 5 revealed that, Vit. C, TSS, N, P and K of potato tuber were gradually increased by increasing irrigation water quantity in the two seasons. These increases can be due to the fact that available more water enhances nutrient availability which improves macro-and micro-elements absorption, Also, water deficit led to increasing ethylene, abscisic acid, ROS and decreasing nutritious elements, cytokinins, gibberellins, Intensity of photosynthesis at 10-30%, which led to decreasing of chlorophyll vegetative and reproductive growth and lower amount of biomass produced which led to Vitamin C, TSS, N, P and K reduction. (Lahlou et al., 2003) .
Regarding foliar application of salicylic acid, it was noticed that, TSS, N, P and K of potato tuber in Table 5 were significantly increased in the two seasons with spraying salicylic acid up to 0.2 g/l then decline at 0.3 g/l, while Vit. C was gradually increased by increasing salicylic acid rate as foliar application. The maximum values were recorded with 0.3 g/l, but the minimum values were noticed at 0.0 g/l of salicylic acid in both seasons. This improvement in Vit. C, TSS, N, P and K could be the role of salicylic acid which increasing dismutases, catalases, peroxidases, those catalyzed led to breakdown of the toxic (H 2 O 2 ), (OH), (O-2) radicals, Also, decreasing generation of ROS (Metwally et al., 2003) , decreasing the production of ethylene (Li et al., 1992) . inhibit of auxin oxidation (Fariduddin et al. 2003) , increasing soluble carbohydrates and protein which promote plant growth and increasing ion uptake and membrane permeability (Simaei et al., 2012) .
As for the interaction between irrigation water quantity and spraying salicylic acid, the mentioned parameters in Table 5 were significantly affected in both seasons, the highest Vit. C values were recorded with combination consists of 1300 m 3 / fed. and 0.3 g/l salicylic acid. But the lowest values were achieved at 700 m 3 / fed. and 0.0 g/l salicylic acid. Also, the maximum values of TSS, N, P and K of potato tuber were recorded at irrigation water quantity as 1300 m 3 / fed. and spraying salicylic acid as 0.2 g/l. on contrast, the minimum values were produced by application 700 m3/ fed. and 0.0 g/l salicylic acid. These results are in accordance with those reported by Abou El-Khair et al. 
5-Plant water relations
Data presented in Table 6 show that relative water content % significantly increased with increasing irrigation water quantity up to the highest level 1300 m 3 / fed. On the other hand, electrolyte leakage % and water use efficiency (kg per m3 water) was decreased by increasing irrigation water quantity in both seasons Relative water content is considered a measure of plant water status, reflecting the metabolic activity in tissues and used as a most meaningful index for dehydration tolerance. These results could be attributed to water deficit led to increasing ethylene, abscisic acid and decreasing water and nutritious elements uptake, gibberellins and cytokinins production which led to low roots formation, the stomata should be closed to avoid more water loss, the waste of chlorophyll in plants could also be of great influence upon different vegetative and reproductive growth and lower amount of biomass produced which led to yield reduction. ( Lahlou et al., 2003) . On the other hand, higher water quantity applied to plants led to keep higher water content in plant tissues. Water deficit stress results in the membrane injury and liberation of ions from the cell to extra cellular space and lipid peroxidation (Scandadalius, 1993) .
Electrolyte leakage % is an index, which can quantify determined the damage conceived by plant cell membrane. Its relative conductivity can be used to measure the damage on structure and cell membranes function under stresses. Under normal conditions, the total amount of reactive oxygen species (ROS) formed in the plants is measured by the balance between the production of ROS and the ability of the enzymatic and non-enzymatic mechanisms to breakdown with them under stress conditions, when ROS formation is higher than the ability of plants to remove it, this could result in oxidative damages, which led to increasing of electrolyte leakage ( Laspina et al., 2005) .
Regarding the effect of spraying salicylic acid the data in Table 6 revealed that relative water content % and water use efficiency (kg per m 3 water) were increased compared to the control treatment. The maximum values of these parameters were recorded by applications of 0.2 g/l of salicylic acid in both seasons followed by 0.3 g/l. On the contrast, electrolyte leakage % was decreased by increasing salicylic acid rate.
These results could be attributed to the role of salicylic acid which increasing dismutases, catalases, peroxidases, which led to breakdown of the toxic (OH), (H 2 O 2 ), (O-2) radicals, decreasing generation of reactive oxygen species (ROS) (Metwally et al., 2003) , decreasing the production of ethylene ( Li et al., 1992) . Inhabitation of auxin oxidation ( Fariduddin et al., 2003) , increasing soluble carbohydrates, protein and water content which promote plant growth and decreased electrolyte leakage. The increase in RWC may be related to the role of salicylic acid in accumulation of compatible osmolytes in plants tissues, which were subjected to water stress (Siamak and Kazemi-Arbat, 2014) . The interaction between irrigation water quantity and spraying salicylic acid showed that 1300 m 
